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Emerging evidence has shown that the gut microbiota and its products are important triggers in the
pathogenesis of rheumatoid arthritis (RA). Biotin is a diet- and microbiome-dependent metabolite and an
immune regulator; however, the role of biotin in RA remains unknown. In this study, we observed abnor-
mal fecal biotin excretion in RA patients, which correlated with microbial alterations. Specifically, biotin
content was inversely associated with gut microbial genera enriched in healthy controls, including
Roseburia and Dorea. Meanwhile, it positively correlated with Oscillospira, which was highly enriched in
RA individuals. Moreover, collagen-induced arthritis (CIA) mice fed a biotin-free diet had attenuated
arthritis incidence with depressed differentiation of splenic CD3* T cells and restored microbial diversities.
The biotin-free diet also increased bone mass and protected against inflammation-induced bone loss in

Received 23rd March 2025,
Accepted 4th May 2025

DOI: 10.1039/d5fo01457¢c

CIA mice. Additionally, the biotin-free diet reshaped the host metabolic phenotype of amino acids and
microbial composition. Notably, biotin deficiency ameliorated the augmentation of Oscillospira in CIA
mice. Collectively, our results suggested a potential link between biotin deficiency, gut microbiota dysbio-
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1 Introduction

Rheumatoid arthritis (RA) is a chronic, progressive auto-
immune disorder marked by synovitis and symmetric, destruc-
tive arthropathy." While the pathogenesis of RA is not yet fully
understood, it is believed to be a combination of genetic and
environmental factors." One theory regarding the pathophy-
siology of RA is that the disease initially manifests in mucosal
areas due to interactions between mucosal immunity and an
abnormal gut microbiome, before progressing to affect the
synovial joints.>® Evidence from studies on the early stages of
the disease supports the hypothesis that these microbiota
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changes precede the development of RA.*® In a cohort study
investigating the fecal microbiome of first-degree relatives of
RA individuals, subjects in the preclinical stages of RA
(defined by the presence of anti-citrullinated protein anti-
bodies, rheumatoid factors or RA-like symptoms) exhibited a
significantly altered microbiome compared to asymptomatic
individuals without autoantibodies.* Gut dysbiosis was found
in RA individuals and was partly normalized after therapy.’
Moreover, partial depletion of the gut microbiome aggravated
arthritis severity in collagen-induced arthritis (CIA) mice.®
Microorganisms can also regulate the differentiation of immu-
nocytes and inflammatory cytokines, changing the per-
meability and barrier of the mucosa to impact the autoimmu-
nity of RA.” A hallmark of RA is the infiltration of activated
CD4" T cells into the synovium, particularly Th1 and Th17
subsets, which secrete pro-inflammatory cytokines such as
IFN-y, IL-17, and TNF-a, thereby promoting synovial inflam-
mation and joint destruction.® In addition, monocytes and
macrophages contribute to joint pathology by producing
inflammatory mediators.” Regulatory T cells (Tregs), which
normally act to suppress excessive immune activation, are
often functionally impaired in RA.*

Microbial communities, along with their metabolites and
components, are essential for maintaining immunological
homeostasis and can impact host vulnerability to various
immune disorders.'®™"* Metabolites are products and signal-
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ing molecules of the gut microbiome, making metabolomics a
useful tool for identifying biological responses in patients with
rheumatic conditions. A previous study found that tryptophan
catabolites produced by gut bacteria can activate the aryl-
hydrocarbon receptor in regulatory B cells, which can then
suppress arthritis in mice."® These findings provide insights
into the previously unknown connection between the gut
microbiome and bone health.

An elevated level of fecal biotin was found in RA patients.'*
Since mammals cannot synthesize biotin by themselves, biotin
can be obtained only from the diet.'> Additionally, the gut
microbiome can de novo synthesize and supply biotin to its
host."> Emerging evidence suggests that biotin also plays a
crucial role in regulating immunity.'®'” A biotin-free diet has
been associated with impaired T cell proliferation and differ-
entiation, leading to compromised immune responses.'®
However, studies on the role of biotin in autoimmune diseases
are relatively limited.

We have previously reported that alterations in the gut
microbiome and metabolome in RA patients were associated
with disease severity.'* The results revealed that elevated levels
of fecal biotin in RA patients correlated with alterations in the
gut microbiome. We then explored the contribution of diet-
and microbiome-dependent biotin to the microbial homeosta-
sis of RA. By using a CIA mouse model, we uncovered the
effects of a biotin-free diet on disease development and
microbial alterations in CIA mice.

2 Materials and methods
2.1 Collagen-induced arthritis in mice

DBA/1 mice (male, 7-8 week old) were obtained from Charles
River Laboratories (Beijing, China). Arthritis was induced by
intradermal injection of chick type II collagen emulsified with
complete Freund’s adjuvant at the base of the tail on day 1, fol-
lowed by a booster immunization on day 21. Starting on day
28, disease severity was evaluated twice weekly. The severity of
arthritis was graded by assessing the four limbs of the CIA
mice based on established criteria."® AIN-93 purified diets
with and without biotin were purchased from Trophic Animal
Feed High-tech Co., China. All protocols used in the mouse
study received approval from the Research Ethics Committee
of the Institute of Basic Theory of Chinese Medicine, China
Academy of Chinese Medical Sciences.

2.2 Targeted metabolomics of biotin and amino acids

We performed targeted metabolomics of 22 amino acids
and biotin in serum and fecal samples. Two hundred micro-
liters of methanol containing internal standards were added
to 50 pL of serum to extract the metabolites, and a vortex
was applied. Thirty-five grams of feces were homogenized in
500 pL of 80% cold methanol with internal standards. The
internal standards included 4-chloro-phenylalanine, D;-meth-
ionine, Ds-tryptophan and D,-biotin. The supernatants were
lyophilized after centrifugation. The resulting residues were
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reconstituted in 85% acetonitrile with 0.1% formic acid.
Targeted metabolomics was conducted using a previously
described method.”

2.3 Mouse microbiota analysis

Feces from DBA/1 mice were collected and promptly frozen in
liquid nitrogen. Feces were stored at —80 °C until analysis.
High-quality total DNA for sequencing the gene encoding 16S
rRNA was extracted from the frozen stool samples using an E.
Z.N.A.® Stool DNA Kit. Qualified libraries were sequenced on a
HiSeq System (HiSeq SBS Kit V2, Illumina).

2.4 Subpopulation of T lymphocyte analysis

A single-cell suspension was harvested from the mouse spleen
in a cell staining buffer. After lysing red blood cells, the cell
surface was stained with a Mouse T Lymphocyte Subset
Antibody Cocktail (PE-Cy™7 CD3e, PE CD4, FITC CDS8; BD
Biosciences) according to the manufacturer’s instructions.
Then samples were measured using an Accuri™ Cé6 flow cyt-
ometer (BD Biosciences, San Jose, CA).

2.5 Cytokine analysis

Serum levels of IL-1p, TNF-a, IFN-y, IL-6, IL-4, IL-10 and IL-17A
in model mice were measured using Bio-Plex (Bio-Rad) and a
Luminex instrument according to the
instructions.

manufacturer’s

2.6 Micro-computed tomography

Micro-computed tomography (micro-CT) imaging and analysis
were performed using a vivaCT 40 system (Scanco Medical,
Switzerland). Imaging was conducted at a voxel size of
17.5 pm, with a voltage of 70 kVp, a current of 114 pA, and an
integration time of 200 ms. The region of interest in the tibial
proximal metaphysis started 0.25 mm distal to the growth
plate. Additionally, cortical bone from the midshaft of the
tibia was analyzed.

2.7 Statistical analysis

Statistical analysis was conducted using R and SPSS. Data dis-
tribution was examined by using the Shapiro-Wilk test.
Associations between metabolites and the gut microbiome
were assessed by Spearman’s rank correlation test. For the
mouse study, one-way ANOVA was performed to assess the sig-
nificance of differential abundance. Statistical significance was
considered at p < 0.05.

3 Results

3.1 Elevated biotin in RA patients correlates with the gut
microbiome

Emerging research suggested that the gut microbiota and its
products may contribute to the pathogenesis of RA.>'*?! Fecal
biotin levels in RA individuals of the discovery set'! were
higher than those in healthy control subjects, whereas serum
biotin levels did not show significant differences between the

This journal is © The Royal Society of Chemistry 2025
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Fig. 1 Linkage between the gut microbiome and biotin. (A) Biotin levels in fecal and serum samples. Differential abundance of biotin levels in RA
and control individuals was assessed by Student'’s t-test (*p < 0.05). Data are presented as mean + SEM. (B) Relative abundance of biotin metab-
olism-related bacterial genes (***p < 0.001). Data are presented as mean + SEM. (C) Associations of the gut microbiome at the phylum level with
fecal biotin and biotin metabolism-related bacterial genes (*p < 0.05, * p < 0.01). (D) Associations of the gut microbiome at the genus level with
fecal biotin and biotin metabolism-related bacterial genes (*p < 0.05, * p < 0.01). (E) Pathways correlated with biotin metabolism using Spearman

rank correlation analysis.

two groups (Fig. 1A). We also found that bacterial genes
related to biotin metabolism were also increased in RA individ-
uals (Fig. 1B). In addition, fecal biotin and bacterial genes
related to biotin metabolism were significantly positively
associated with the phylum Bacteroidetes (r = 0.405 and r =
0.709, respectively, p < 0.01) but negatively associated with
Firmicutes (r = —0.576, p < 0.01) (Fig. 1C), which was consistent
with the distribution of genes related to biotin biosynthesis.>”
Therefore, we assumed that the upregulation of fecal biotin in

This journal is © The Royal Society of Chemistry 2025

RA patients resulted from a higher proportion of bacterial
biosynthesis.

To investigate the association between the altered micro-
biome and biotin, we performed Spearman rank correlation
analysis (Fig. 1D). Specifically, biotin was inversely associated
with control-enriched gut microbial species, including Dorea
(r = —0.359, p = 0.001) (Table S17). In contrast, biotin content
was positively correlated with RA-enriched gut microbiome
constituents, such as Oscillospira (r = 0.234, p = 0.028),
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Bosea (r = 0.266, p = 0.016), Bilophila (r = 0.262, p = 0.014), and so
on. We also found that biotin metabolism was inversely related
to Dorea (r = —0.406, p < 0.001) and Roseburia (r = —0.383, p <
0.001). Besides, biotin metabolism was positively correlated with
RA-enriched gut microbiome constituents, including Bosea (r =
0.360, p < 0.001) and Bilophila (r = 0.405, p < 0.001). Among these
genera, Roseburia was negatively correlated with the levels of the
erythrocyte sedimentation rate (ESR) (Fig. S1f), a diagnostic
marker of inflammation in the body.'! In addition, the genus
Oscillospira was highly enriched in RA patients and positively cor-
related with ESR levels (Fig. S17).

It is worth emphasizing that biotin is involved in pathways
of lipids, amino acids and carbohydrates'® evidenced by the
correlation between bacterial genes for biotin metabolism and
other pathways (Fig. 1E). Genes for biotin metabolism were
positively related to some lipid pathways, including glyco-
sphingolipid biosynthesis, linoleic acid metabolism and
sphingolipid metabolism, but negatively correlated with glycer-
ophospholipid metabolism and glycerolipid metabolism. The
first-ranking bacterial genes related to p-alanine metabolism
may be associated with the decreased bacterial richness in RA
patients.”® Furthermore, biotin metabolism was positively
associated with histidine metabolism, glycine, serine and
threonine metabolism, and valine, leucine and isoleucine
degradation. The close association between biotin and the
amino acid-related pathway indicated that biotin played an
important role in the process of amino acid metabolism.
Taken together, our results suggested that the increased biotin
may result from the increased proportion of biotin-generated
microbiome in RA individuals, which further perturbed the
host metabolic phenotype, such as amino acid metabolism.

3.2 Biotin-free diet attenuates the incidence of collagen-
induced arthritis

Based on the metabolomics study of clinical samples, biotin
was identified as a key perturbed metabolite altered by the gut
microbiome under RA inflammation. Since biotin is a diet-
and microbiome-dependent metabolite and an immune regu-
lator,* we hypothesized that biotin metabolism linked to the
symbiotic gut microbiota might contribute to the pathogenesis
of RA. To investigate the function of biotin in RA, the most
commonly used autoimmune model of RA, the CIA model,
was used. We removed the biotin intake of CIA mice by provid-
ing a biotin-free diet (Fig. 2A). CIA mice with deprivation of
dietary biotin did not show any signs of body weight loss,
growth defects and alopecia compared to CIA mice on a
normal diet (Fig. 2B and Fig. S2At). Notably, the arthritic inci-
dence and the severity of inflammation were lower than those
of the CIA model group on a normal diet (Fig. 2C and D).
Biotin was targeted and monitored to assess the biotin-
deficient state in vivo. Fecal biotin content in CIA mice was sig-
nificantly increased compared to that in normal mice (Fig. 2E),
which was in accordance with the results of the clinical study.
The biotin-free diet reduced serum biotin but did not signifi-
cantly change the fecal biotin amount in CIA mice compared
with that in mice fed a normal diet (Fig. 2E and F). This
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suggested that the biotin-free diet promoted a biotin-deficient
state in the host, which may contribute to a lower incidence of
arthritis.

3.3 Biotin-free diet affects host immunity

CD4" T cells and CD8" T cells are central mediators in the
pathological process of RA, clonally expanding and differen-
tiating into cytokine-producing effector cells.”>*® To assess the
effect of a biotin-free diet on host immunity, splenic CD4" Th
cells and CD8" Tc cells were determined. There was a decrease
in the CD4"/CD8" T cell ratio in CIA mice compared to normal
mice (Fig. 2G). The biotin-free diet restored the splenic CD4"/
CD8" T cell ratio of CIA mice (Fig. 2G), suggesting that the
biotin-free diet may affect the immune system of CIA mice.
Further analysis revealed decreases in the splenic CD3'CD4"
cell percentage and splenic CD3" cell percentage in CIA mice
fed a normal diet compared with those in normal mice
(Fig. S2BY). The finding suggested that the subpopulations of
naive T cells were altered under the rheumatic state, which
may contribute to autoimmune conditions. Apparently, a
biotin-free diet recovered the CD3" and CD3'CD4" cell percen-
tages of CIA mice (Fig. S2Bt). The result indicated that a
biotin-free diet may change the T cell subpopulations, leading
to depressed autoimmune activity.

To assess the relationship between a biotin-free diet and
inflammation, we detected several inflammatory cytokines in
serum, which have been presumed to be critical players in the
pathogenesis of RA, such as TNF-a and IL-6." The levels of
inflammatory cytokines increased in CIA mice fed a normal
diet compared to those in normal mice due to the activation of
autoimmunity (Fig. 2H). However, the expression of inflamma-
tory cytokines was not significantly changed in CIA mice fed a
biotin-deficient diet compared to that in CIA mice fed a
normal diet.

3.4 Biotin-free diet prevents inflammation-induced bone loss

To determine whether a biotin-free diet affects bone mass, we
analyzed bone mass in the trabecular and cortical parts of the
tibias. Micro-computed tomography (micro-CT) analysis
showed that biotin-free diet treatment significantly reduced
the bone erosion in the hind paws together with increased
bone mass as shown by increased trabecular thickness and tra-
becular bone volume per tissue volume in CIA mice (Fig. 3A
and B). In addition, obvious effects on bone mass and bone
mineral density in cortical bone were observed in CIA mice
treated with a biotin-free diet (Fig. 3C), suggesting that the
biotin-free diet had protection from inflammation and inflam-
mation-induced bone loss.

3.5 Biotin-free diet affects the gut microbiome

We also analyzed gut microbiome compositions and pro-
portions to investigate the gut microbiome alteration under
biotin-deficient conditions. The results showed that the biotin-
free diet significantly increased the microbial diversity of CIA
mice, including ACE diversity, observed diversity and Fisher
diversity (Fig. 4A). Principal component analysis (PCA) at the

This journal is © The Royal Society of Chemistry 2025


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5fo01457c

Open Access Article. Published on 29 May 2025. Downloaded on 4/1/2026 7:31:05 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Food & Function

A

C@ I Normal

Day O:
Immunization with

View Article Online

Paper

Day 28: Arthritis

%CL type Il collagen evaluation
G210 caA = = = =
% CIA + biotin(-) Day 21: Booster Day 58: Sample
with type Il collagen collection
DBA/1 mice
C D
[0]
E
L g 6.0 Normal
8 2 —— CIA
g § 4.0 ClA+biotin ()
o -
[
g 20
£ g
£ %
&5 % 0.0 i r
% 20 30 40 50 60 70
Normal CIA ClA+biotin (-) Days post immunization Days post immunization
E F G
0.3 el ~ 40 - < 5.0
— - <t . **
5 —% . NS £ i )
g 02 g 30 *:.3 4.0
S a
g _% 20 3) 3.0
2 01 3 @ 20
z E 10 3
Vi 5 g 10
0.0 T T N 0 T I—TI 8 0.0 T T
N \ i
< @'b O\V .(\@ 4 6@ O\‘?* ~<\® (@ O\v &)
S8 & S & s N
N N < °
¥ ¥ &
H 2500 L — 90 . 120 *
= 2000 ,\ * _ =
= g < 90
> 1500 £ E
e 2 2 60
o 1000 ~2 =
w < 30 ©
g 500 = = 30
0 T T 0 T T 0 rT_l
> N A > g A > Nal )
s e ‘\\0\ & S & N
< O = © < &
<O Q9 R
O\V‘ Q\V‘ O\V‘
200 - 350 o 40 * 1000 *
- 300 . *x . *
2 150 T 58p 4 30 3 800
E £ € <
> > 200 - ® 600
£ 100 = 2 20 =~
b = 150 = © 400
< 50 2 100 3 10 =
- [ = -1 200
50 =
0 T T 0 T T 0 T T 0 I I
N 3 > >
" OR* R @ O\v R @ O\v Q @ O\v . A
& i S & S © & N
< O < © < O < ©
X0 X0 <0 O
O\V‘ O\?‘ O\?‘ O\V‘

Fig. 2 Effects of a biotin-free diet on CIA mice. (A) Protocol graph of the animal experiment. (B) Representative images of a normal mouse, a CIA
mouse and a CIA mouse on a biotin-free diet. (C and D) Arthritis incidence (C) and arthritis scores (D) of three groups of DBA/1 mice. (E and F)

Measurement of biotin in feces (E) and serum (F) using LC-MS (n =

6 per group). (G) CD4*/CD8" ratio determined by flow cytometry. (H)

Inflammatory cytokine levels in mouse serum. *p < 0.05, ** p < 0.01, *** p < 0.001, and "* p > 0.05.
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Fig. 3 Biotin-free diet prevents inflammation-induced bone loss. (A) Representative micro-CT images of hind paws and the trabecular part of tibias.
(B) Micro-CT analysis of the tibia showing trabecular thickness and trabecular spacing. (C) Micro-CT analysis of the cortical part of the tibia bone.
Data are expressed as mean + SEM. One-way ANOVA was performed to assess the significance of differential abundance (*p < 0.05, ** p < 0.01, and

*** p < 0.001).

OTU level suggested a heterogeneous microbial community
structure among the three groups (Fig. 4B and C). The results
demonstrated the specific and predominant genera of
different groups of mice, revealing that Oscillospira was predo-
minant in the CIA group and was decreased in CIA mice on a
biotin-free diet (Fig. 4D). The beneficial genera Roseburia and
Dorea, and inflammation-associated gut commensals, were
predominant under biotin-deficient conditions, while the level
of RA-enriched Prevotella was reversed.

We performed PICRUSt2-based functional prediction using
our 16S rRNA sequencing data to assess the relative abundance
of microbial genes related to biotin metabolism and biotin
biosynthesis (bioA, bioB, bioC, and bioF). Interestingly, we did
not observe significant differences in the predicted abundance
of these genes between the biotin-free diet group and the
control group (Fig. S3At). These findings suggest that while
the biotin-free diet altered the gut microbiota composition, it

4988 | Food Funct, 2025, 16, 4983-4993

did not appear to significantly affect the microbial commu-
nity’s overall potential for biotin metabolism and biosynthesis.

3.6 Biotin-free diet affects microbial and host metabolism

To investigate the effects of biotin deficiency on the gut micro-
biota and its subsequent impact on host metabolism, we
employed an untargeted metabolomics study on mouse feces
and serum samples as a comprehensive approach for captur-
ing the dynamic metabolic shifts. Score plots of orthogonal
partial least squares discriminant analysis (OPLS-DA) revealed
metabolic shifts occurring within both the microbiome and
host under biotin-free dietary conditions (Fig. 5A and B).
Pathway analysis of fecal metabolites highlighted tryptophan
metabolism as a key affected pathway (Fig. 5C), which was
associated with inflammation.>” Targeted metabolomics of
fecal samples demonstrated that biotin deficiency notably
downregulated the bacterial synthesis of kynurenine, tyrosine,

This journal is © The Royal Society of Chemistry 2025
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expressed as mean + SEM. One-way ANOVA was performed to assess the si
and ™ p > 0.05).

3-indolepropionic acid (IPA), and their precursor metabolites,
tryptophan and phenylalanine (Fig. 5D). Additionally, biotin
deficiency significantly restored serum IPA levels (Fig. 5E),
implying a reduction in inflammation.>®

Biotin is also involved in amino acid metabolism respond-
ing to host immunity.>® Pathway analysis of fecal and serum
metabolites revealed significant alterations in amino acid-
related pathways, including tryptophan metabolism, arginine
biosynthesis, and glycine, serine, and threonine metabolism
(Fig. 5C and Fig. S3Bf). We detected 22 amino acids in serum
and fecal samples from normal mice, CIA mice and biotin-
deficient CIA mice to investigate their changes under rheu-

This journal is © The Royal Society of Chemistry 2025

gnificance of differential abundance (*p < 0.05, ** p < 0.01, *** p < 0.001,

matic and biotin-deficient conditions. The serum levels of
certain amino acids decreased in CIA model mice, while they
increased in biotin-deficient-fed mice and were close to the
levels of normal mice (Fig. 5F). For instance, glycine (FC =
0.84, p = 0.104), serine (FC = 0.75, p = 0.033), alanine (FC =
0.73, p = 0.008) and threonine (FC = 0.78, p = 0.022), which are
upstream products of pyruvate, were downregulated in serum
of CIA mice on a normal diet compared to normal mice. The
decreasing tendency of these amino acids was consistent with
a previous study and indicated the accumulation of pyruvate
and a high rate of glycolysis in CIA mice, activating immune
cells.**?' The serum levels of glycine (FC = 1.07, p = 0.031),
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serine (FC = 1.02, p = 0.023), alanine (FC = 1.09, p = 0.001) and
threonine (FC = 1.04, p = 0.01) were restored in biotin-deficient
CIA mice compared to normal-diet CIA mice. For fecal levels of
amino acids, most of them decreased under biotin-deficient
conditions, except for serine, alanine, threonine and glutamate
(Fig. 5F). Microbial amino acid metabolism was perturbed by
the biotin-deficient diet despite no change in fecal biotin
levels, suggesting that not only gut microbiome-derived biotin
but also dietary biotin is implicated in the amino acid metab-
olism of the gut microbiome. These findings further sup-
ported the idea that biotin-free diet-induced biotin deprivation
influences both microbial composition and host metabolic
pathways.

4 Discussion

Gut dysbiosis-driven metabolic shifts and immune system dys-
function during RA progression have attracted increasing
attention.>'* RA status was associated with microbial imbal-
ances, including abatement of some beneficial bacteria (i.e.,
Roseburia and Dorea) and augmentation of other bacteria (i.e.,
Oscillospira and Prevotella)."***> The mutual interactions
between the gut microbiota and RA have been increasingly
recognized. On one hand, RA-related inflammation can alter gut
permeability and immune signaling, thereby reshaping the
microbial ecosystem.’®® On the other hand, the altered gut
microbiota may influence host immune responses through
microbial metabolites (e.g., SCFAs and lipopolysaccharides),
antigen mimicry, and modulation of T cell differentiation.'3*°

We found that microbiome-associated biotin content was
increased in the individual feces in the RA state. The phyla
Bacteroidetes, Fusobacteria and Proteobacteria contain essential
genes for biotin biosynthesis, but the synthesis of biotin
occurs rarely in the Firmicutes phylum.>”> Most Actinobacteria
genomes lack the complete pathway for biotin biosynthesis
but retain biotin transport systems such as BioY, suggesting a
reliance on exogenous biotin.>> The gut microbiota (e.g.
Bacteroides fragilis and Escherichia coli) can synthesize biotin
and secrete it into the environment, while certain bacteria
cannot synthesize biotin themselves but possess biotin trans-
porters to acquire biotin from the surroundings.***'
Compared to dietary biotin, gut microbiome-produced biotin
is predominantly absorbed in the colon.*”> The amount of
biotin uptake sometimes is more than that of dietary biotin,
indicating that gut microbiome-derived biotin participates in
host metabolism.*?

Emerging research has proved that dietary restrictions, ie.,
fasting, methionine restriction and caloric restriction, can
modulate host innate immunity and affect the pathological
process through metabolic regulation and the gut
microbiome.**™® Previous studies have reported that biotin
impacted the functions of adaptive immune T and NK cells.*’
Moreover, biotin deficiency enhanced the inflammatory
response via elevated levels of cytokines in normal cell
models, such as TNF-a, IFN-y and IL-17.'%*” In this study, a

This journal is © The Royal Society of Chemistry 2025
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biotin-free diet led to a deficient state of host biotin and a con-
siderable decrease in the arthritis incidence of CIA mice by
changing the differentiation of naive T cells. Biotin deprivation
attenuated the subpopulations of spleen lymphocytes in BALB/
cAnN mice.”® Immune responses to antigens were depressed
by biotin deficiency, resulting in the inhibition of the develop-
ment of experimental allergic encephalomyelitis in rats.*® That
is to say, biotin deprivation restrained immunologic responses
in experimentally induced autoimmunity, which was similar to
our study. Although biotin deficiency markedly altered the gut
microbial composition, functional prediction did not reveal
significant differences in the abundance of microbial genes
related to biotin biosynthesis (e.g., bioA, bioB, bioC, and bioF).
This indicates that the microbial community’s capacity for
biotin production may not be the primary factor linking
dietary biotin deficiency to arthritis attenuation. Instead, the
beneficial effects may stem from broader shifts in microbial
taxa and the host immune response, rather than direct modu-
lation of microbially derived biotin.

Biotin is critical for amino acid metabolism, glycolysis and
fatty acid metabolism responding to host immunity.>*?%°
Bacteria, such as  Bacteroidetes, Fusobacteria, and
Proteobacteria, e.g., E. coli, supply biotin to the host under
biotin-scarce  conditions.*'  Interestingly, while biotin
deficiency suppressed certain microbial metabolites, it also
significantly restored serum IPA levels, implying a potential
compensatory response to reduce inflammation in the host.
This suggested that biotin deficiency disrupted microbial
metabolism and triggered adaptive mechanisms in the host.
Although fecal biotin levels were not affected, a biotin-free diet
reshaped the metabolic phenotype of amino acids and the
inflammation-associated gut commensals in CIA mice, such as
Roseburia and Oscillospira. However, the underlying molecular
mechanism by which biotin deficiency influences the homeo-
stasis or function of immune cells is not yet known; previous
research and our study suggest that the activation of the
mTOR signaling pathway played a role in that.'® In addition,
future studies are required to include both biotin-sup-
plemented groups and direct synovial tissue analyses to com-
prehensively evaluate the dose-dependent and local joint
effects of biotin in arthritis progression. In a nutshell, our
study revealed that biotin may modulate the immune homeo-
stasis and susceptibility of the host to RA through the gut
microbiome and metabolic regulation. The findings provided
a better understanding of how the crosstalk between the
microbiota and its derived metabolites influences the host
immune system under RA inflammation.
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